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By C a r l  L. Meyer and Lavern A. Johnson 

The performance and operational  characteristics of a Python turbine- 
propeller engine have been Tnvestigated  over R range of engine operating 
condi-Lions at shulated  a l t i tudes from 00 t o  40,000 f ee t   i n  t he  mACA 
Lewis al t i tude wind  tunnel. For the p €3 o m c e  phase of the investi  - 
gation,  a  single  cowl-inlet ram pressure r a t io  waa maintained and inde- 
pendent control of' engine  speed and fue l  flow was used t o  obtain a range 
of' power a t  each  engine  speed. 

Engine performance data  obtained a t  a given al t i tude could. not be 
used t o  predict performance accurately a t  other alt i tudes by use of the 
stand& air pressure and temperature  generalizing  factors. 

Specific fuel consumption based on shaft  horsepuwer decreased as 
the shaft horsepower increaeed at a given engine  speed. A t  a  given 
altitude  corditton and turbine-inlet   total  temperature, there w&8 an 
optimum engine  speed a t  which wimum sh&t horsepower w&8 obtained. 
A t  a  given  engine  speed and turbine-inlet t o t a l  temperature,  a  greater 
portion of the  total   available energy was converted t o  propuleive power 
as the  altitude-  increased. 

Winhill ing starts were made at alt i tudes up t o  40,000 feet;   the 
minimum t m e  airspeed required f o r  successful windmilling starts 
increased as the  alt i tude waa raised. In general, the engine control 
prevented 1mge overshoots or undershoots of engine  speed  during starts, 
accelerations, 'and decelerationa . 

TNTRODUCTION 

An investigation t o  determine the performance Elnd operational  char- 
actar is t ics  of a mthon turbine-propeller engine over a range of simu- 
l a t e d   a l t i t d e   c o n d i t f m  hae been conducted in   the  RACA Lewis a l t i tude 
wind tunnel.  Instrumentation wa8 installed in  the engine to permit 
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evaluation of the perf'omnance  of t h e  individual components operating as 
integral  parts of the engine BB well a8 over-all engine performance. I n  
the performance p h ~ e  of the  investigation,  data were obtained  over a 
range of engine-speeu and exkaust-hozzla axem at  altitudefl from 10,000 
t o  40,000 f ee t  at a. Single  cawl-inlet ram preasure rat io;  independent 
control of engine speed and fuel flow was used t o  obtain a range of power 
a t  each engine speed. Analyses of turbine, compressor, and  oambustion- 
chamloer performance a r e  presented in  references I, 2,  and 3, respectively; 
and an investigation of the dynamic characteristics of the  engine is 
reported in reference 4. 
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Perfomnance and certain  operatio-nal  .chqacter$stic.a of the over-all 

engine are reported  herein. Data a r e  presented t o  show the performance 
of the engine  over a range of engine  speeds at each of four  altitudes, 
the effect  of alt i tude on nongmeralized performance at a given  engine 
speed, the,applicabili ty of a generalization method f o r  predicting 
engine performance at altitudes  other  than  the test alt i tude,  and the - 

effect of exhaust-nozzle area on performance. Performance deterioration, 
appaxently resulting from dust and o i l  accumulations i n  the compressor, 
is discussed. The division of e n e r a  between the  propeller and je t  is 
ehown for a range of engine s p e d ,  altitudes, and exhawt-nozzle a r e a .  
All engine performance data axe also presented in  tabular form. Opera- 
t ional  characterietics  di~cwsed  include windmilling -drag and engine 
s p e d  for a range of propeller  blade angles, and starting, acceleration, 
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and deceleration  with  the normal engine control system. 

The main colnponents of the Python turbine-propeller engine (f ig .  1) 
m e  a 14-s tqe  axial-flow compressor, 11 cylindrical combustion  chambere, 
a two-stage turbine,  an exhauat cone, a t a l l  pipe  with a fixed-=ea exit, 
and a reduction-gear aSs€~~bIy.  The engine i S  fitted with two 4-blade, 
constant-speed, contra-rotating  propellers. The m ~ u c l m u m  diamster of 
the engine is 54.5 inches,  the  length from the center  line of t h e  forward - - . . ..  .. . 

propeller t o  the end of the exhawt cone is 18.2~ inches, and the  net d r y  

weight withou% propellers is about 3150 pounds. For the engine wed in 
the present  investigation, the standard tall pipe has a length of 
66 inches and an exit diameter of 29 inchea. . . .  -. " 
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The operating limits of' the engine aa established by the manufaCtUrer 
8x0 : I 
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Max- t ake  -off 

" - -- - 6500 k100 Minimum flight 
d ont  inuous 98 6 530 76 00 MaxFmum cruise 

30 1040 560 7800 MaxFmum climb 
. 5  109 4 590 8000 

Graund idling 3500 - 4000 580 1076 10 
idling 

"- 

41 A t  maximum take-off operating  conditione,  the engine haa a  n&nal s t a t i c  
sea-level  rat- of 3670 sha9t horsepower and 1150 pounds of Jet  thruat. 

The engine is of the reverse-f low ty-pe (fig. I). A i r  enters t h e  
engine  through a screened bs11u1ax cowling after *ich the air-flow passage 
is divlded  circvrmferentially into .U convergent throats -thro~@ which the 
a i r  is swept inward. through 180° t o  the entry annulue of the compressor. 
Thus, flow through the compressor is In the forward direction. A i r  frcan 
t he  compressor paf3SeS through an annular angled Election  where it is turned 
outward 90°, af te r  which the air-flow passage is divided  cbcwnferentially 
into 11 combustion-chamber-inlet ducts through which the a i r  is turned 

pressor stage f o r  cooling the rear bewing and rear face of the  turbine 
disk and from the tenth compreesor stage for coo.ling the  front  face of the 
turbine d b k .  A mre complete descrfption of t h e   c q r e s s o r  ie given i n  
reference 2. 

9 reamwd 90° t o  the combustian chambers. Air Is bled f r o m t h e   f i f t h  com- 

The 11 direct-f low-type  conbustion chambers (reference 3) axe 
equally spaced around the outer  circumference of the compreseor casing. 
A vaporizing-type; fuel syetem is used. during n o m 1  engine  operation; 
fuel from the main fuel nozzles and a partion of the air  from the com- 
pressor  enter the pr- combustion zone through a mix- & d e r  or 
vaporizer. For s ta r t ing  purposes,.nine canibuation chders  include 
starting fue l  nozzles and two &mibere include  combination spark pluga 
an& s ta r t ing   fue l  nozzles; cross  -fire  tubes are provided fo r  ignition 
of the other combustion chambers. The fuel used throughout  the  investi- 
gation confdmned t o  specification MIL-F-5616 (kerosene). 

G a ~ e s  from the combustion chambers flow through the two-stage tur -  
bine (reference 1) and exhaust t o  atmosphere through t he   edaus t  cone 
and tail pipe. Each turbine  stage  conskt8 of a s t a to r  and rotor ;  both 
ro to r  stages are mounted on a coIlpzlon disk. 

The turbine shaft drives the ccqressor  dw-ectly an& the  propeller 

annulus ( o r  ring) geax in the reduction gear assembly is prevented f r o m  
rotating by, two hydraulic  pietons which provide a means of detemlning 
shaft  torque. 

Q shaf't through a  tmo-stage  planetmy-reduction gear. A floatlng-type 

- 
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Control 

Fuel flow is controlled $7 a f low-control unit, which is semitive 
to  thrott le  posit ion and cowl-inlet t o t a l  pressure, i n  conjunction w i t h  
a variable diEIplaoem.&t p w .  During normal engine  operation, fuel frm 
the  flar-control  unit flm thro~.~@ a dietributor where it is divided 
into 11 equal parts and dis t r ibuted  to  each of the main fue l  nozzles. 
During starting, the initial f u e l  Plow is directly from the flow-control 
unit t o  the s t a r t i n g  fuel nozzles;  a spring loaded valve  prevents fuel  
from entering  the  distributor  during  starting until the fuel pressure 
increaees t o  a given  value. An electro-hydraulic valve i n  the fuel   l ine  
to   the   s ta r t ing  f u e l  nozzles penults flaw only while the ignition is on. 

A propeller constant-speed unit controls engine  speed over a range 
from approxbtately 75 t o  100 percent of f u l l  engine speed.' A t  engine 
speeds bekeen approximately 50 and 75 percent of f u l l  speed, propeller 
pitch is held constant by a fine  pitch  stop which ia normally retractable 
t o   f a c i l i t a t e  ground star t ing and landing;  engine speeda within this 
range m e  controlled by fue l  flow. Minimum f l igh t  idlin@;  engine s p e d  
is normally the minimum engine speed at wkich the constant  speed unit 
is effective. 

. " 

c 

A single lever, or throt t le ,  is normally used t o  operate  the engine. 
The necessmy relation between engine  speed and fue l  flow is obtained by 
connecting  both the propeller constant-speed unit control and the fuel- 
flow th ro t t l e   t o  a single lever through an oil-servo unit and suitable ' - 

cam-operated linkages. The engine w i l l  operate at approximately 50 per- 
cent of ful l  e w n e  speed with  the single control lever i n  tple fully 
closed  position. AB the s-le lever is advanced through the first  
portion of its travel, engine  speed dl1 increase t o  about 75 percent 
of full speed but the propeller blade angle remaim oomtant. As the 
lever I s  further advancd,  the  propeller blade =le and the engine speed 
are gradually increased,  resulting i n  a progressive increaee i n  p m r .  

A reverse torque Bwftoh €n the  reduction gem causes the propeller 
blade angle to  increme whenever the  propeller w i n d m i l l a  the engine. To 
make flight windmilling starts pOB8ibh3, the  reverse  torque  switch is 
inoperative whn the  ignition is on. 

The normal single-lever  control KBB not  flexible enough t o  be wed. 
throughout the  various phases of the present investigation. For the 
performance investigation, the propeller  fine  pitch  stop was  mitt& and 
the  propeller conatant-speed unit valve and the   fuel   throt t le  were separ- 
ately operated t o  permit  independent control of engine speed and fue l  
flow. For the windmilling investigation, the constant-speed unit valve 
waa replaced by a manually operated valve w-ith which it w8.a possible t o  
control  the flow of hydraulic o i l   t o  the propeller and thus control pro- 
peller blade angle. For the investigation of st&ing, acceleration, and 
deceleratian  characteristio8, the norm&l single-lever Control and a 20' 
propeller fine pitch stop were used. 
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I N § T r n I O R  rn m-AT1m 

i 

The al t i tude xind tunnel in which' the investigation w 8 ~  conducted 
is a  closed-throat  return-flaw tunnel w i t h  a test section 20 feet i n  
diameter and 40 fee t  long. The engine w&8 inatalled in a wing segment 
(fig. 2)  tha t  waa supp0rt;ed in the test section by the tunnel balance 
frame. !The normal  cowling  over the forwasd section of the  engine and 
NACA designed cowling over the exhaust cone  and t a i l  pipe w e r e  wed 
throughout the Investigation. Air w m  supplied t o  the engine fran the 
tunnel air stream. B 

i Inetrumentation f o r  measuring steady-state  pressures and temperatures 
was installed at various statione  (fig. 1) within the engine. Schnat lc  
diagrams of the instrumentation a t  individual statione are shown in   f i g -  
ure 3. Pressures a t  the cowl in le t  and in   the tail pipe were measured 
with water-filled manametern and those a t  the comgressor outlet  (or  
combustion-chaniber inlet)  and turbine in le t  were measured ~ t h  mercury- 
f i l l e d  manameters; all pressures were photographically  recorded. Tern- 
peratures at the cowl inlet and cacpxmsor  outlet were measured with 
iron-constantan  themcouples asld those In the t a i l  pipe were measured 
with chramel-alumel thermocouples; a l l  taqmratures were automatically 
recorded wlth  self-balancing  potentiometers. 

- Engine speed waa measured by m e a m  of a stroboscopic tachmeter i n  
conjunction w t t h  a continuouely indicating tachometer. Torque, wa8 
sensed by meam of the built-in  hydraulic torquemeter which had been 
calibrated by the manufacturer t o  give  propeller-shaft  torque  in terms 
of torquemeter pressure; torquemeter predsure w-ae measured by a 
Bourdon gage. Fuel flow was measured by calibrated rotametere. Tple 
instrument  panel included a series of gages f o r  an Indication of various 
operating  temperatures and preseures,  including  turbine-inlet tempera- 
ture, campreasordischage  pressure, and abtr ibutor   fuel   pressure.  For 
the windmilling inveetigation,  propeller  blade angle w a ~  sensed by an 
NACA indicator  attached to one of t h e  blades of the reax propeller. 

Performance Investigation 

Throughout the performance investigation, independent co i t ro l  of 
engine  speed and fue l  flow WBB used t o  obtain a range of f u e l  flm ad, 
consequently, a range of powers at each  engine s p e d .  With the stand& . 
23-inch-diameter t a i l  pipe, whfch had no exhaust nozzle, performance data 
were obtained at engine speeds from 6800 to 8000 rpm a t   a l t i tudes  from 
10,000' t o  30,000 feet and at engine speede f r o m  7400 t o  8000 r p m  a t  an 
al t i tude of 40,000 feet; data were  not obtained at engine speeds below 
7400 r p m  at an al t i tude & 40,000 feet became of the llmited range of 

4 
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A l l  performance data were obtained at a cowl-inlet ram pressure 
ra t io  of about 1.03, Ram pressure r a t io  is defined EIEI the ra t io  of cowl- 
inlet   (s ta t ion 1) t o t a l  pressure t o  free-stream (tunnel tes t   sect ion)  
s t a t i c  pressure. The cowl-inlet air  temperatures were held at approxi- 
mately NACA stand& ,values corresponding t o  the shulated  condltiom at 
alt i tudes of 20,000 and 20,000 feet ;  for altitudes of 30,000 and 
40,000 feet ,   the cowl-inlet air  temperature WBB held at about 440’ R. 
The value of ram pressure r a t i o  ia a compromise value selected from two 
coneideratiom.  Mrst, a deteriorated  condition of the  tunnel  drive 
fan prohibited m o r e  r ea l i s t i c  values of ram pressure  ra t io   for   the 
present  inveetigation. Second, it w-aa conaidered desirable  to  select  a 
ram pressure r a t io  which could be maintained ov8r the range of altitudes, . .  

engine speeds, and engine puwers. Tunnel refrigera2ion .equipment  had the 
capacity t o  reduce the air  temperature t o  about 415 R; however, the time 
required t o  reduce the temperature and the  desirabil i ty of selecting a 
temperature that could be maintained over the range of engine  conditione 
resulted in a compromise at the  higher  altitudes. 

- ~ -,- 

.. 
Symbols and  methods  of calculation  are given In the appendix. 

c 

Operational  Investigation 

The standard 23-inch-diameter t a i l  pipe was used throughout the 
operational  investigation. 

Windmillimg. - For the windrntlling investigation, a manually oper- 
ated mlve  was used t o  control  propeller blade angle and, consequently, 
windmilling engine sped.  Steady-state wlndmilling data were obtained 
over a range of propeller blade angles at alt i tudes from 10,000 t o  
40,000 feet  at a t rue   a i r sped  of about 135 miles per hour and at true 
airspeeds from 100 t o  175 milea per hour at an altitu3.e of 20,000 f ee t .  

Starting;,  acceleration, and deceleration. - The normal single-lever 
control  and,a ZOO propeller  fine  pitch  stop were used. Windmilling 
starbfng  chwacteristics were investigated at alt i tudes from 5000 t o  
40,000 f ee t  at true. airspeeds' ranging from about 120 to  280 miles per 
hour. Accelerati’on chasacteristics were investigated  wlthin the afore-  
mentioned alt i tude range a t  true aimpeeds  ranging from about 130 t o  
290 miles per hour. Deceleration  characteristics were investigated at 
altitudes from 5000 t o  35,000 f ee t  at true  airspeeds from  about 160 to  
310 miles per hour. 31 all cases, the true airspeed is tha t  immediately 
Preceding the tranaient; no attempt waa made t o  hold alrspeed constant 
during the transient. 



NACA RM E51Il4 - 7 
4 

Before  attemgtfng a windmilling start, the alt i tude and airspeed 
conditione were established with the  propeller  at  full-feathered  blade 
angle. Then, i n  quick  succession, the  ignition was turned on, the fue l  
valve w m  opened, and the   Weather ing  pump wae star ted t o  reduce  pro- 
peller blade angle. A successful start waa coneidered t o  be one frm 
wbich the engine could be  accelerated t o  en engine speed of approximately 
6500 rpm. A t  established  altitude and. airspeed  conditione,  acceleratione 
and deceleratione were accmplkhed by rapid movement of the single-lever 
control to the proper positions. fche data for the &&a, accelerations, 
and deceleratio-ds were obtained by photographing a panel of instruments 
with a motion-picture camera at a r a t e  of about 9 frames per second. 

RESULTS AND DIS-ION 

Engine Performance 

All engine performance data  obtained w i t h  the vmioua tail-pipe 
configurations are presented in  table I. 

- The in l e t  air temperaturea  deviated from NACA standard values, 

1 ance data presented. graphically in nongeneralized form have been adjusted 

paxticularlg a t  alt i tudes of 30,000 and 40,000 feet f o r  which the 
fnlet-air  temperature WBB held at  about "MOO R. Theref ore, a l l  perform- 

t o  NACA stand& c o n d i t i m  at the  respective  altitudes by the me of the 
factors 8, and 6, (see appendix). Performance data ad juated by t h i s  
method mag be somewkat dFff erent from data obtained under actual  standard 
conditions because the effect of Reynolds  nmiber is not  consider&; how- 
ever,  the method permits a reaonable evaluation of the data at s tandmd 
al t i tude conditfons . 

f 

I 

Engine deterioration. - During the  e q l y  phase of the  present  inves- 
tigation, loss of parer at a given tail-pipe temperature was  noted w-ith 
incremed engine operating time. This loss i n  power b associated  with 
the  accumulation of dust and o i l  on the compressor blading,  resulting in 
reduced mms flow and pressure ratio. The amount of dust  that passed 
through the engine may have been greater during  the wind-tunnel investi- 
gation than would have been encountered under normal operating  conditione. 
The variation of engine performance w-ith operating  time is shown i n   f i g -  
ure 4 as plots. of air flow, fue l  flow, turbine- inlet   to ta l  temperature, 
r a t i o  of shaft enthalpy drop to t o t a l  enthalpy drop (see appendix), and 
jet thrust against  shaft horsepower f o r  various  engine operatbng t h e s ;  
data are presented f o r  altitudes of 10,000, 20,000, 30,000, and 

' 40,000 feet .  

The trend of engine. performance WLth operating the WBB sbnilm?, fn 
general, at alt i tudes from 10,000 to 30,000 feet ( f igs  . 4 ( a )  to 4(c) ) ; 
however, the effect of operating tb? on performance decreased  with 
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increasing  altitude until a t  an al t i tude of 40,000 feet   there  w a s  
essentially no change i n  performance with  increaaed  operating time 
within  the range noted ( f ig .  4 ( d ) ) .  In general and f o r  a  given shaft  
homeparer, as engine operating t h e  increased, air  flow decreafled, fuel  
flow (&, consequently, specific fuel consumption based on shaft  horse- 
power) waa essentially unchanged, turbine-inlet temperature  incremed, 
the  ra t io  of ahaft enthalpy drop t o  t o t a l  enthalpy drop inoremed 
slightly,  and jet   thrust  decreased at   a l t i tudes of 10,000 t o  30,000 f ee t .  
A t  a given turbine-inlet t o t a l  temperature, both shaft horsepower and 
Jet thrust decreased with  increased  operating time becawe of the loss 
i n  air f low.  

Data m e  not  available t o  indicate  the  effect of engine  operating 
time on performance a t  all engine speeda fo r  the varioue alt i tudes.  It 
wae not  possible,  therefore, t o  adjust  the  data s o  as t o  elimhate  the 
effects of engine deterioration. In table I and where possible in the 
various figures,  the approximate engine tFzns is noted. 

Ehgine performance mapa. - Perfomnance data  for a range of engine 
speeds a t  a n  alt i tude of 10,000 f ee t  are presented in   f igure 5 & ~ l  plots 
of a i r  flow, turbine-inlet t o t a l  temperature, fuel flow, specffic fuel 
consmaption baaed on shaft horsepower, and Jet  thrust against  shaft 
horsepower. A portion of these  data and 8imilar data f o r  altitudes of 
20,000, 30,000, and 40,000 f ee t  have been crossplotted i n  figure 6 i n  
the f o m  of engine performance ma,ps for each of the four alt i tudes.  The 
perfomlance maps selected show shaft horsepower against  engine speed a t  
va ious  constant value8 of turbine-inlet   total  twqperature, fue l  flow, 
and Jet  thrmet;  these maps smwm?ize engine performance at each of the 
four  altitudes  within the range of shaf t   harsepove~ and engine speeds 
investigated. 

Within operating  temperature asd engine speed lMts a d  by m e  of 
independent control of engine speed and fue l  flow, a given shaft horse- 
power ia available over a range of engine. speeds and a range of shaft 
horseparers I s  available  at a given  engine  speed. Turbine-inlet t o t a l  
temperature, fuel f lpw, and j e t  thrust increase nearly l inemly with 
shaft horsepower a t  a given engine speed. Use of a normal single-lever 
control would r e s t r i c t  engine operatfon  within  the per?ormance map t o  
an operating line defined by a  single  available  shaft horsepower a t  a 
given  engine  speed, alt i tude,  and airspeed. 

In  general,  shaft horsepower at a given fue l  flow decreased  wlth 
increming engine speed. A t  a given altitude  condition and turbine- 
in le t  temperature, i n  general,  there was a n .  optimum engine speed a t  
which maxfmum shaft  horsepower w w  obtained; the mlmum value of shaft 
horsepower occurred a t  higher engine speeds aa the  turbine-inlet t o t a l  
temper&ure i nc remed;  ' Jet  thruet increased  with  increasing engine speed 
primarily because of the  increased a i r  flow. Specific  fuel consumption 
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based on shaft horsepower a t  a n  al t i tude of 10,000 fee t   ( f ig .  5(d) ) 

decreasing engine speed a t  a  given shaft  homeparer. If je t   thrust  
were accounted f o r .  in t h e  specific fuel comunption,  the  effect of 
engine  speed on specific  fuel consumption would be snaller since j e t  
thrust increases  with enghe speed a t  a  given  shaf%  horsepower. !The 
minimm speclfic fuel comumption  based on sh& horsepower w a s  approxi- 
mately 0.9 pound per hour per  shaft  horsepower a t  engine s p e d  a€' about 
7600 t o  8000 rpu. Air flow (fig.  5(a)) at a given engine speed  decreases 
soma&& with  increasing  shaft horsepower because of the  increased 
compressor-pressure rat io .  

4 decreased w i t k  hureaaing  shaft homepower a t  a given speed and with 

Altitude. - Performance data f o r  an engine  speed of about 7600 rpm 
at   a l t i tudes of 10,000, 20,000, 30,000, and 40,000 fee t  a r e  presented 
in   f igure 7 as p l o t s  of air flaw, turbfne-inlet   total  temperature, fuel 
flow, specif ic   fuel  consmnption based on shaft  horsepower, and je t   thrust  
against  shaft homepower. The re lat ion between turbine-inlet   total  tem- 
perature asd sh&t horsepower W&B wed t o  superhpoee temperature con- 
tours  on figures  7(c) t o  7(e). 

Air flow decreased slightly  with  increming  shaft  horeepmer, as 
previously diecussed, and decreased wfth increaaing  altitude  primarily 
becaw e of the  reductfon  in  afr  density ( f ig  . 7 (a) ) . AB al t i tude 

ture  and the fue l  flow required t o  produce a  given  turbine-inlet t o t a l  
tauperatme  decremed, pr-fly became of the reduced air flow 
(ffgs.  7(b) and 7(c)) .  A t  each al t i tude,  the lowest values of specific 
fue l  cansumption based on shaft  horsepower waa obtained a t  or ne= max- 
Fmum temperature Ecnd power. For a given turbine-inlet t o t a l  tmperature, 
the mhhnnn specific  fuel  conempticn based on shaft  horsepower was 
obtained a t  an altitude  near 30,000 feet   ( f fg .  7 ( d ) ) .  Jet   thrust  
increasednearly linearly with  shaft horsepower a t  each al t i tude and 
decremed w-ith increming  alt i tude  at  a  given turbine-inlet   total  tem- 
perature or shaft horsepower (fig. 7( e) ) i 

- increased,  the  shaft horsepower a t  a  given  turbine-inlet  total tempera- 

i 

1 

The factors Eo and eo were applied t o  the performance data of 
f igure 5 and t o  similm data  for  the other al t i tudes  a t  which data were 
obtained. The resultant  data were cross-plotted to obtain  generalized 
performance parameters for each al t i tude at a  corrected  engine  speed of 
8300 rpm, which i~ approximatelg the mimum corrected  engine speed a t  
wfiich data were obtained a t  &11 al t i tude of 10,000 feet. The variation 
of corrected  turbhe-inlet  total  t-erature,  corrected fuel flow, and 
corrected  Jet  thrwt  with  corrected  shaft homepower a t  a  corrected 
engine speed of 8300 rpm I s  shown in  f igure 8 for alt i tudes of 10,000, 
20,000, 30,000, and 40,000 f ee t  md a  cowl-inlet ram pressure  ratio of' 
about 1.03. For a given corrected  shaft horsepower, the  correct& c 

tmbine-inlet  t o t a l  temperature and corrected fuel flaw i n c r e a s a  and 
the  corrected  jet thrmt decreased as the  alt i tude waa increased'fram 
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lc), 000 t o  40,000 f ee t  . The pressure and tpmpera,be  generalizing  factors 
6o and Go could not, theref ore, be applied t o  data obtained at a given 
alt i tude  to  predict  performance accurately at some other altitude. 

Engine deterioration cannot be e lh ina t ed  fram figure 8. However, 
comiderfng the results of figure 4, the  corrected perfomnetnce for an 
alt i tude of 40,000 f e e t  should be relatively unaf'f'ected  by deterioration; 
alao,  data   for  an  a l t i tude of 10,000 f ee t  were obtained ear l feet   in   the 
investigation and therefore should  not be seriously dfec ted  by deterl- 
oration. A relatively true Indication of the  effect of a l t i tude on 
generalized performance, therefore, should be noted by comparison of the 
c m e e   f o r  altltuaes of 10,000 and 40,000 f e e t  in figure 8. 

It ia shown i n  reference 2 that  8x1 increase in   a l t i t ude  fram 10,000 
t o  40,000 fee t  at a given  corrected engine speed decreased compressor 
efficiency and w r r e c t d  air flaw over the range of corrected  turbine- 
in le t   to ta l  temperature.  Reference 3 indicates a slight tendency f o r  
combustion efficiency t o  decrease with increaaing  altitude. The loes  in  
compressor efficiency and corrected air  flow w i t h  Increasing  altitude 
made it necessary that the  corrected  turbine-inlet  total temperature 
increase t o  maintain a given corrected shaft horsepower. To permit the 
higher  corrected  turbine-inlet  temperature at a given shaft horsepuwer 
and to account for any loss in combustion efficiency,  the  corrected  fuel 
flow increased w i t h  increasing  altitude. The loss i n  corrected jet 
thrus t  at a given  corrected shaft horsepuwer w&8 grFmarily due t o  the 
loes i n  corrected air flow. 

Exhaust-nozzle mea. - Engine performance data for exhaust-nozzle 
diameters of 20, 22, and 24 inches,  obtained a t  an engine speed of about 
7600 r p m  and an altitude of 10,000 feet ,  are  presented i n  figure 9 88 
plots of turbine-inlet   total  temperature,  specific  fuel comumptfon  baaed 
on shaft horsepower, and Jet thrust agaimt shaft horaepower; turbine- 
in le t  temperature  contours are  auperlnposed on the curve8 of Specific 
fuel consumption and je t  thrust. 

A t  a given  turbine-inlet  total  temperature,  jet thryt and epscific 
fue l  consumption based on shaft horeepower decreased and. shaft  horse- 
power increased as the exhauat-nozzle area increased. If Jet thruat 
were accounted f o r  in the  specific  fuel consumption, the  effect  of 
exhaust-nozzle -ea on specific  fuel comumption would be smaller. The 
greater a;vailable  turbine-pressure r a t i o   w i t h   l e g e  exhaukt-nozzle area 
resul ted  in  a greater percentage of the available. power being  delivered 
to   t he  shaft and consequently less  being  available  in  the  jet. 

L _  

- .  

. . 

" 

". 
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Engine -Parer Division 

11 

c 

c 

The division of power is expressed as the  ratio of equivalent 
propeller-shaft enthalpy d rop  t o  total   available enthalpy drop  and the 
r a t i o  of Jet  enthalpy drop t o  t o t &  ave ihble  enthalpy drop.  The method 
of calculating  these  ratios i8 given i n  the appendix. 

The j e t  and shaft enthalpy-drop ra€ioe are e h m  in figure 10 as 
functions G f  shaft horsepower f o r  a range of corrected  engine speeds a t ,  
an al t i tude of 10,000 f ee t .  I~I general,,  both jet and ehaft  enthalpy- 
drop ratios at a given engine Elpeed increased with increming shaft 
horsepower. A t  a given s h d t  horeepawer, an increase , i n  engine speed 
had essentially no effect on jet enthalpy-drop rat io ,  but reduced the 
shaf% enthalpy-drop r a t i o  because of' the increarring power requirements 
af tne conpressor. The naxinum total   avai lable  enthalpy drop  at any 
engine speecZ is llnited by the o2erEhLvin.;: temperature linits of the 
engine. 

The j e t  end shaft enthalpy-drop ratios are. ahown i n  figure 11 88 
functions of shaft horsepower f o r  a r w e  of alt i tudes at an enghe 
s2eed of about 7€00 rp; turbine-inlet  total-tenpsraturs contours are 
superfni~osed on these curves. Though shaft  horsepower E t  a given 
turbfne-inlet  total  teaperatme  decreaeed'with increasing al t i tude,   je t  
and shaft enthalpy-drop  rathoa at a given tenper&ture, i n  general, 
incremed w-lth increw- al t i tude.  !T~LIB, a greater  percentage of the 
to ta l .ava i l&le  enthalpy drop wa8 converted t o  propulsive,power as the 
al t i tude WBB increased at a given turbine-inlet tempera%ure and engine 
speed. 

The j e t  and shaft enthelpy-drop ratios m e  shown in  figure 12 ea 
functions of shaft horsepower f o r  g. range of exhmst-nozzle arem at 
an engine speed of =bout 7600 rpm and an al t i tude of 10,000 f ee t ;  
turbine-inlet  total-tenperatme  contom a r e  sugerimposed. At a given 
shaft horsepuwer or a t  a given turbine-inlet  total  tmperature, the j e t  
enthalpy-drop r a t i o  decreased and the  shaft  enthzlpy-drop r a t io  
incremed a~ the exhamt-nozzle area  Increased. As t h e  exhaust-nozzle 

, m e a  was increased,  the S U ~  of jet and shaft  enthalpy-drop rat ios  
!J"&creased at a given shaft  homepower and remained essentially constant 

a t  a given turbine- inlet   to ta l  temperature. 

Engine Operational  Characteristics 

Windallling. - Drag.ELnd engine  speed agaimt Fropeller blade angle 
m e  presented in figure l3 for windmilling  conditions over a range of 
altitude6 at a t r u e  airspeed of 135 niles per hour and over a range of 
true airBpeeds ab an al t i tude of 20,000 f ee t .  The drag presented is 
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defined as the  installatfon  drag at a given  propeller  blade  angle minus 
the  instal la t ion drag  at f'ull-feathered  propeller blade angle; instal-  
lat ion drag was determined from tunnel  balance-scale measurements. 

I n  general,  both drag and windmilling engine  speed at a given pro- 
peller  blade  angle  increased as the  a l t i tude decreased and.as the  true 
airspeed  increased. Peak values of drag occurred a t  a propeller  blade 
angle of about 15'1 peak values of Kindmilling engine speed occurred at 
a propeller  blade  angle of about 22O. Though windmilling runs were not 
made at  true  airspeeds above 175 miles  per hour, the  need for  feather- 
ing the  propeller t o  prevent  excessive  drag at a n y  airspeed and possible 
overspeeding of the engine at higher true  airspeeds is evident. 

St&iw. - The effect of a l t i tude on the ~ E L ~ J , , ,  true ampeed 
required for  successful windmilling stmts is shown in  f igure 14; t h e  
n o m 1  single-lever control and a 20' propeller fine pitch  stop were 
used. Successful winamilling st&e were obtainable at a true airspeed 
of about 120 miles  per hour up t o  an alt i tude between 15,000 and 
20,000 feet'; windmilling starts were not  attempted at lower airspeeds. 
As the  alt i tude w a ~  increa~ed f r o m  20,000 t o  40,000 feet ,  progressively 
higher true  airspeeds were required f o r  sucoeesful starts. For the 
marginal st&s noted i n   f i g w e  14, the engine waa started and acceler- 
at& to an operable engine  speed but excessfve  turbine-inlet tempera- 
tures were encountered. The inveetigation  did  not  include  the  deter- - 
mination of possible maximum true airapeed f o r  w i n d m i l l i n g  starts; 
successful windmilling starts were made at true airspeeds up to 280 miles 
per  hour. 

3. . 

~ ." 

- .4 

Flight  conditione and various  engine variables during windmilling 
stat8 are  shown against time in   f igure  15 f o r  two alt i tudes at an 
i n i t i a l  true airspeed of about 280 miles per hour and f o r  two in i t i a l  
airspeeds at an alt i tude of 25,000 fee t .  The flight conditione noted 
are tunnel  true  airspeed and cowl-inlet ram pressure ra t io .  %e engine 
varfables  noted  include  turbine-inlet temperature, ccmpressor-outlet 
total  pressure,  distrLbutor fuel prestJure (an  indication of fue l  flow) I 

and engine speed. It is t o  be noted that  at low distr ibutor   fuel  pres - 
swes, a small change in pressure  cawes  a  relatively large change i n  
fue l  flow. AS previously  discussed, the al t i tude and airspeed 'conditione 
were established at full-feathered  propeller  blade angle. Then, i n  
quick succession, the ignition was turned on, t h e  fuel valve w88 opened 
(single control lever fully  closed), a3ld the   Meather ing pump wa8 
started.  With the stngle control lever fully closed, the engine w i l l  
normally accelerate  to about 50 percent of maximum engine speed.; there- 
fore, the a c c e l e r a t i m  noted consist of essentially two phases. As 
the engine speed.  approached 50 percent,  the single control  lever was 
advanced t o  permit  continued acceleration t o  an engine  speed of about 
6500 rpm. ' The c m r a  waa started manually at the same time a8 the 

.. . 

. .. 

, :  .. 
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Weathering pump. Since a waaure of propeller blade angle was not 
available  for these data,  the  actual beginning of t h e  t ramient  is not 
accurately  defined;  the zero time noted in the  figures is the f i r s t  
frame of the film. 

Ro attempt was &e t o  maintafn  tunnel  true  airspeed  constant  during 
the transient; k the  propeller  blade angle decreased  during the  unfeather- 
ing  process and as the engine  speed  increased  during  the  acceleration, 
the blockage  caused by the engine propeller cawed the  t r u e  aimpeed t o  
decrease. The airspeed  reached a m-tm before naxinum engine speed 
was reached. Gotrl-inlet ram pressure  ratio remained nearly constant 
during the t ramlent ,  varying a maxhmm of about 0.01. 

Ehe accuracy of t h e  measurement of turbine-inlet  temperature is 
questionable. It appear8 from the  turbine-inlet  temperature  curve, 
however, that  in  some cases p a r t i a l  burning occw~ed for the f iret few 
seconds; f u l l  ccanbustion, as indicated by a rapid rise i n  temperature, 
occurred a f te r  about 4 seconds at which t h e  the engine was  windmilling 
a t  an appreciable  engine speed. lsince the n o m  control wa8 used, 
there waa 110 large overshoot of turbine-inlet temperature or engine 
speed. The apparent "flat spot" i n  the fuel-distributor  pressure curve 
for the low true  airspeed  at an al t i tude of 25,000 feet   ( f ig .   15(b))  is 
apparently due t o  a  leveling off of fuel flow  before  the  single-lever 
control waa advanced. In m e t  ewes, the camera w-as stopped before 
steady-state  operation was obtained after  the  transient.  

The time required f o r  the  start and acceleration, until an engine 
speed of 6500 rpm w&8 i n i t i a l ly  obtained,  increased from about 11 aec- 
onds at an al t i tude of 25,000 feet t o  about  15.5 second6 at an al t i tude 
of 35,000 fee t  f o r  the same init ial   true  airspeed of 280 miles per hour 
( f ig .  15(a) ) ; f o r  an al t i tude of 25,000 feet ,  this time i n c r w d  from 
about 11 second8 at an airspeed of 280 milea per  hour t o  34 secollds at .  
an airspeed of 144 miles per hour (fig.   15(b)).  The kimum turbine- 
in le t  t emperature  encountered  during the  t ram  ients  was about the same 
f o r  the two alt i tudes and an airspeed of 280 milea per hour (fig.   15(a)),  
but waa higher for the lower of the a i r s p e a  at an al t i tude &' 
25,000 fee t   ( f ig .  15(b)). 

It waa necesaary that the reverne torque  anltch be inoperative 
during  a  wlndmilling start until the engine WBB driving  the  propeller; 
it w w  occasionally  necessary,  therefore, to hold the ignit ion on longer 
than normally or  t o  use an additional  switch t o  keep the reveree torque 
switch  inoperative after  the  ignit ion WBB o f f .  

Acceleration. - Flight  conditions asd m d . o w  engine variables 
during  accelerations, f r o m  an engine  speed of 6600 t o  6800 rpm t o  8 3 ~  
engine speed of 8000 rpm, are sham in figure 16 f o r  a l t i tudes  a t  
an in i t i a l   t rue  airspeed of about 290 miles per  hour and for two i n i t i a l  
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It we.a desired  to' make the accelerations by quick novanent of the 
single  control 'lever from its initial position  to  the  position for rated 
engine speed and  power. Trende o f  the fw l  digtributor  pressure  indicate 
that  the fuel flow did  not  increase uniformly. Some overshoot of engine 
speed is appment f o r  each acceleration. Adequate data  are  available t o  
note  apparent  steady-state  operation after the  transtent only for the low 
airspeed ai; an al t i tude of 25,000 f ee t   . ( f i g .  16(b)). 

The tfme required f o r '  the  acceleration  until an engine  speed of 
8000 rpm w a ~  in i t i a l ly  obtained  incremed,  for an airspeed of 290 .milee 
per  hour, f rom about 4 .3  seconds at an al t i tude of 2 5  000 f ee t   t o  about 
7.8 seconds at an alt i tude of -35,000 feet ( f ig .  16(a)j; for an al t i tude 
of 25,000 fea t ,   th i s  tFme increased from abpub 4,3 seconds a t  a t rue 
airspeed of 292 miles per  hour t o  about 5.2 secomk at 331 airapeed. of 
158 miles p e r  hour (fig. 16(b)). 

Deceleration. - Flight  conditions and various engine variables 
5wirrg becelerationa, from an engim speed of 8000 rpr i  to an engine 
Epee4 of 6600 to 6800 rpn, =e shown ?n figure 1 7  for .tw.o true airspst.lds 
a t  an al t i tude of 25,000 feet. The tunnel  true .aim.peed md the cowl- 
in le t  ram pressure r a t io  tended t o  decrease very slightly  during  the 
tram-lents . . ." . 

" . " 

It was desired t o  make these  decelerations by quick movement of the 
single  control lever from its in i t i a l   s e t t i ng   t o   t he   f i na l   s e t t i ng .  
Trends of the  fuel  distributor preslswe for the  deceleration at the higher 
airspeed  indicate  that  the  control was not moved uniformly t o   i t e   f i n a l  
sett ing;  this  trend is reflected by the remaining engine vasiables and 
thw  the  deceleration waa not accomplished. in the shoytest possible t h e .  
The time required for a given  deceleration  appaxently  increased  with 
increasing a i r a y o d .  For the  decelesatiom showp, the control prevented 
.my notable undershoot of engine speed. 

The performance and operational  characterietics of a Python turbine- 
propeller engine were investigated over a range of -engine  operatine con- 
dit ions  at  simulated  altitudes from 5000 t.o 40.,006 f ee t  . The results . of 
this  investigation may be summarized as follows : 

1. Engine  performance data  obtained  at a civen  altitude could not  
be -wed t o  accurately  predict performance at  other  altitudes by the 
application of t h e   s t a n d d  air pressure and tamperatwe  generalizing 
factors . 

" :. 
.:. 

. .  

" I 

R- 
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2. Turbine-inlet t o t a l  temperature, fuel flow, and j e t  thruat 
increased and' specific fuel consumption based. on s W t  horsepower 
decreased w i t h  increasing shaft horsepower a t  constant engine speed; air 
flow at a given  engine  speed decreased s l i g h t l y  w i t h  increasing  shaft 
horsepmer. A i r  flow d, consequently, Jet  thrust increaeed  with 
increasing  engine  speed. For a given altitude  condltion and turbine- 
i n l e t   t o t a l  temperature, there WBB an optimum engine speed a t  which 
maxLmum ah&% horsepower w a s  obtained. For a given  turbine-inlet t o t a l  
temperature and engine epeed, there w m  811 optFmum a l t i tude   a t  which 
minimum specffic fuel consumption based on shaft horsepower waa obtained. 

5 .  A t  a given al t i tude and shaft horsepmer, increasing the engine 
epeed lowered the portion of the t o t a l  available energy  absorbed by the 
propeller and had essentially no effect  on the portion absorbed by the 
Jet .  AB the  alt i tude w - 8 ~  increased at a  given engine speed and turbine- 
l n l e t   t o t a l  temperature, a greater  portion of the t o t a l  available energy 
w-aa converted t o  propuhiive power. 

4. For windmilling  conditions, mmimm values of drag and wind- 
m i l l i n g  engine  speed occurred at propeller blade angles of about 15' 
and 22 , respectively . 

5. Windmilling s ta r t s  and accelerations were made at alt i tudes as 
high aa 40,000 feet;  decelerations were made at alt i tudes up t o  
95,000 f ee t .  The minfmum true  airspeed  required for successful and- 
milling s t a r t s  increased with increasing  altitude. The time require& 
for windmilling starts and accelerations  incremed  with  increasing dti- 
tude and decreasing  airspeed; for decelerations,  the  time  required 
increased w i t h  increasing  airspeed. In general, the engine control pre- 
vented lmge overshoots or undemhoots of .. engine  speed durlng starts, 
accelerations, and deceleratione. 

c 

L e w i s  Flight'  Propulsion Laboratoq 

Cleveland, Ohio 
National Advisory Gcanmittee for Aeronautics 
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Sym.bols 

The follarlng B;ymbO18 are wed in this report  : - 
A . cross-sectional area, s q  f t  

thermal expamion ra t io ,   ra t io  of hot  exhaust-nozzle 
m e a  t o  cold exhauEt-nozzle area .. 

cP specific  heat at constant  pressure,  Btu/(lb) (%) 

D - Dy installation drag at a given propeller blade angle minw 
installation drag at full-feathered  propeller blade angle 

" 

. 

FJ 
*TM torquemetes calibration  factor, (min/rev) (eq in./lb) (shp) 

f b  f uel-air   ra t io  ' . 7 -  

8 acceleration due to  gravity, 32.2 ft/sec2 

Je t  thrust, lb 

- 

ghP gear hor sepmer 

E enthalpy,  Btu/lb 

J mechanical equivalent of heat, 778 ft-lb/Btu 

I! 

P 

engine  speed, r p m  

t o t a l  pressure, lb/sq f t  absolute 

P s t a t i c  prefleure, lb/sq f t  absolute 

PTM 

R QaS C O l l E l t m t ,  53.4 f t - l b / (  lb) ( O R )  

torquemeter pressure, lb/sq  in. gage 

ShP shaft horsepower 

T t o t a l  temperature, ?R 

Ti 

t 

indicat ec~ temperature, 41 
s t a t i c  temperature, R 0 

* 
. .. 

L 

" 
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Subs cr ipts  : 

3 

n 

0 

1 

a 

5 

5 

velocity, ft/sec 

air  flow, lb/sec 

compressor leakage air flow, lb/sec 

fue l  flow, ~ b / h r  

gas flow, lb/sec 

rear-bearing  cooling-air flow, lb/sec 

turbine C O O l i r t g - 8 i r  flow, ~b/sec 

propeller blade -le, deg 

r a t i o  of speclfic heats 

ratio of' absolute ambient etatfc  pressure  to  absolute 
static  pressure of NacA standard atmosphere at the 
respective altitude 

ra t lo  of &bsolute anibient static pressure to absolute 
s t a t i c  presaure of EACA standard atmosphere at E B ~  
level 

rakio of ab8olute ambient s t a t i c  temperature t o  Etbsolute 
static temperature of EACA stand& atmosphere at the 
respective  altitude 

r a t i o  of absolute ambient s t a t i c  temperature t o  absolute 
s t a t i c  temperature.of NACA standard a b e p h e r e  at sea 
leve 1 

turbine  nozzle 

tunnel-test-section air stream 

cowl or  compressor inlet 

compressor outlet  o r  comb&tion-chamber i n l e t  

turbine  inlet  or combustion-chamber out le t  

t a t 1  pipe - 
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ThB f ol lmina Performance parameters  generalized t o  NALSA standard 
used: - .  

Jet  thrust, lb 

engine speed, rpm 

shaft  homepower 

turb ine- ide t  total temperature, R 0 
- " 3- 

Frb 
Ev 

Methala of Calculation 

Shaft horaeparez. - -A hydraulic  piston-kype to rquae te r  loca?ml i n  
the  reduction  gearing was used t o  sense shaft torque which, together 
w i t h  measured values of engine speed, permitted  determination of shaft 
horsepower. The torquameter had been calibrated by the engine manu- 
facturer so that  shaft torque could be determined from the torquemeter 
pressure. The re lat ion between the torquemeter calibration  factor and 
torquemeter pressure is shown in  f I g T e  18. The calibration factor 
includes the r a t io  of shaft torque t o  torque at. the torquemeter station; 
torque at the torquemeter s ta t ion varies directly  with torquameter pres- 
a w e .  Shaf't horsepower WBB determined frcm the following  relation: 

. . .. - 
. .  

" 

. . Y - 2  

.- ." 

. " 

where pm  and N were measured and f m  w&8 determined fram f ig-  
ure 18. 

The t o t a l  horsepower delivered t o  the reduction  gear by the turbine 
is greater  than  the.shaft homepower b-ecauae of parer losses i n  the 
reduction  gearing,  bearings, and E O  forth. The parer loss was obtained 
from a calibration curve. (fig.  19), furniehed by the mazlllfacturer, show- 
ing the   ra t io  of power lom t o  shaft homeparer 88 a function of shaft 
horeepower. This curve had been calculated from a measurement of %he o i l  
temperature r ise   in ,  and the   o i l  flow through,  the  gem box. 

. " 

- -" 

, -  

Temperatures. - Total  temperatures w e p  obtained from indicated 
temperatures by uae of a thermocouple recovery factor of 0.85 ad the 
relation : 

. - %. 

. I. - 
. - -. 
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T =  

Turbine-inlet t o t a l  tmperature wa8 determfned by msuming t h e  tur-  
bine power equal Go the 8um of the power absorbed by the ccm~gre~aor, the 
propeller, and the losses f n t h e  reduction  getzing: 

Then 

T3 = H 3 b p  

Gas flow. - (BE flow through the t a i l  pipe may be determfned frm 
pressure and temperature measurements a t   s t a t ion  5 by use of the 
relation : 

It WBB observed fn reference 1 tha t  the tmbine nozzles were choked 
and that  the  effective turbine-nozzle flow area was constant for the 
range of engine and altitude  conditions of the  present  investigation. 
The following  equation w& used in the f iml calculation of gaa flow: 



20 RAGA RM E51114 
I 

The average effective  turbine-nozzle flow area w a s  calculated fram 
this  equation, ming gas f lowe determined fram equationa (4) and (5), 
tu rb ine-met  tem;pera.t;ures b a ~ e d  on gm flm from equation f4),  and 
meaElured values of P3. U8ing the average effective  turbine-nozzle  flow 
me& thus determined, meaaured values of P3, and turbine-inlet tempera- 
tures based on gas f 1- from equation (4), a new value of W 
obtalned from equation (6)  . Turbine-inlet temperaturea  based on the new 
values of W showed a negligible change when cbmpmed with  the  origi- 
nal  values. 

8 
3 
." 

g,3 WSS 

g, 3 

This is the a i r  flow med in  the present  report. 

J e t  thruElt, - Jet  thrust w a ~  determined fra: 

v j  = - 3  
where Wg,5 = Wgt3 + (W, + W t )  . 

Enthalpy ra t ios ,  - The enthalpy rat ios  were calculated in the 
following manner : 

Je t  enthalpy drop - ' 5  - 'J. 
Tota l  enthalpy  drop €I3 - Hj - 

ShaSt enthalpy drop - J 
Total  enthalpy drop % - =j 

550 (shp + ghp) 
- 
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where H represents  the enthalpy of the j e t  based on t h e   s t a t i c  tem- 
perature of the  exhawt g8.a d e n  pJ = po. All other  enthalpies  are 
bmed on t o t a l  temperatures. 
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144-9 
1450 
1456 
1452 

975 
971 
969 
969 
968 
625 
631 
624 
623 
629 
390 
387 
386 

396 
587 . 

438 
438 
444 
440 
437 
437 
437 
436 
438 
437 
457 
435 
435 
436 
436 
441 
436 
440 
438 
439 
441 

441 
443 

439 
446 

436 
434 

437 
438 

438 
438 

442 
439 

442 
439 

442 
444 

7606 

7406 

7205 

6805 

8006 

7808 

7606 

7406 

- * .  

- 
8006 

Boo6 

- 

1173 
1114 
1016 

742 

1052 
276 

995 
889 
664 

870 
502 

824 

673 
761 

288 
580 
551 

366 
481 

262 
799 

671 
764 

507 
232 
745 
699 
632 
237 

593 
626 

515 
426 
253 
491 
415 
288 - 

I 

109 
105.5 
94.5 
69.5 

100.3 
28 

95 
85 

31 
64 

85.5 
81 

57 
75 

30.5 

58 
61 

51 
s9.5 
29.b 
71 

60 
68 

1050 0.895 
1020 
935 

.916 

IT4 1.043 
.920 

540 1.957 
860 
910 

,913 

845 
.915 

720 1.084 
.951 

525  1.738 

835 
840 .966 

.977 
766 1.006 
665 1.161 
500 1.736 
670  1.155 
635 1.152 
595  1.237 
525 1.434 
472  1.802 
755  .945 

660 
720 .94P 

.984 
560  2.105 
410 1.767 

670 
700 .940 

630 
.959 
.997 

# 1.688 

590 
620 .990 

.996 
550 1.06~ 
490 1.150 
430  1.581 
520 1.059 
470  1.133 
390 l.4!hs 

17.?? 
17.46 
1 7 . a  

17 -80 
17.40 

16.52 
16.4fi 
16.9? 
17.11 
17.39 
16.16 

1C.53 
lC.49 

18.68 
16.72 
14.83 

lb.19 
15.04 

15.35 
15.88 
11.10 

11.17 
11.04 

11.07 
11.17 
10.93 
1o.m 
10.98 
11.13 
10.48 
10.59 

10.78 
10.67 
10.15 
IO. 1s 
10.41 

lo.!% ' 

1.027 
1.024 
1.025 
1.027 
1.026 
1.025 
1.027 
1.026 
1 .OB7 
1.027 
1.027 
1.026 
1.027 
1.027 
1.026 
1.027 
1.028 
1.027 
1.027 
1.025 
1.025 
1.025 
1.028 
1.026 
1.026 

1.025 
1.025 

1.020 
1.023 

1.030 
1.028 

1.028 
1.025 

1.028 
1.028 

1.028 
1.030 

1.027 
1.027 
1.027 
1.026 
1.027 
1.026 
1.027 
1.026 
1.026 
1.025 
1.027 
1.026 

1.027 
1.026 

1.028 
1.028 
1 .OB6 
1.026 
1,026 
1.028 

1.028 
1.025 

1.027 
1.028 
1.027 
1 .028 

1.027 
1.029 

1.027 
1.028 

1.026 
1.027 

1.026 
1.028 

1.028 
1.028 

435 
436 

441 
437 

434 
434 

434 
433 
435 
434 
434 
432 

433 
432 

433 
438 

437 
433 

436 
435 

438 
440 
438 
436 
443 
431 
433 
435 
435 
435 
434 
439 
436 
436 
459 
439 
440 

46 
23 

64 
68 

58 
24 
59 
56 
49 
41 

48 
26 

41 
28 

. . .," 
. . -  

. I  

230 
199.5 
163 
119. 
a 3  
195 
163 
123 
54 

221 
188 
122 

33 
n3.5 

122 
180 

21 1 

121.5 
185 

50 
171 

139 
159.5 

103 

120.5 
43 

111 
99.5 
74.5 
29.5 
69.5 
67.5 
61.5 

29 
48 

54.5 

.. : :: 

- 
514 

516 
514 

518 
513 

521 
510 

516 
506 

513 
519 

516 
513 
514 
519 
515 
514 
515 
517 
51 6 
515 
447 
446 
446 
447 
447 
437 
439 
430 
436 
440 
439 
435 
436 
438 
437 

518 

5 a l  
518 

522 
517 
514 
525 
520 
510 
523 
517 
520 
517 
518 
51 6 
519 
518 
519 
521 
520 
519 
451 
449 
450 
450 
451 
441 
442 
441 
440 
443 
442 
438 
439 
441 
440 

1505 

149e 

1492 
1497 

1498 

1494 
1485 

1488 
1497 

1498 
1503 

1490 
1496 
1491 
1489 
1482 
1487 

1488 
1485 

1494 
1489 
1002 

997 
996 
995 
995 
643 
648 
841 
641 
646 
400  
397 
397 
398 
407 

2589 2520  0.896 
2246  2100 
1831 1850 1.010 

.935 

1328 1563  1.115 
2610  2320 
2196 2100 

.924 

1831 1870 1.021 
.9h'l 

1374 15-00 1.150 

2488  2290 
599 1195 2.008 

2116 20m 
.920 
.955 

1363 ls00 1.174 
349 1100  3.152 

2025 moo 
2518 2500 .914 

.PBB 
1363 1590 1.167 
555 1150 2.072 

2391 2240 
2039 2010 

.937 

1376  1610 1.170 
.906 

554 1155 2.085 
1922 1739 .900 
1790 1610 .8as 

1146 1265 1.104 
1556 1475 .948 

469  885 1.887 
1345  1230 .914 
1237 1130 
1107 1045 

,914 
,944 

824 67.2 1.0M 
306 610  1.993 
768 745  .970 
746 1Pa 
678 660 

,972 

526  570  1.084 
. S A 1  

300 450  1.w 

37.46 
37.48 
3Z.87 
37.71 
36.E3 

37.2P 
37.11 

37 -67 
38 .74 
3L.98 
36.50 
36.94 
37.81 

36.7e 
36.7Y 
37.51 

36.38 
S . 4 6  

38.68 
28 .O? 

28.74 
m.19 
a.43 
18.W 
1 6 . U  
18.17 
18.24 
lh.35 

11 .a0 10.94 

10.99 
11.03 
11.31 

36. *a  

28.01 

._ 
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- 
Run 

- 
73 
74 

76 
75 

78 
77 

79 
80 
81 
82 

84 
83 

85 
86 
87 
BB 
89 
90 

92 
91 

93 
94 
95 
96 
97 
98 
99 
00 
01 
02 

04 
03 

05 
06 
07 
08 
09 - 
- 
1 
P 
3 
4 
5 
6 
7 
8 
9 
lo 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 

27 
26 

28 
29 
30 
31 
32 
53 

55 
E4 

58 

J L.mpust 
llOZZl0 

total  
w e t  

tunpera 
ture  
=6 

( W  
1434 
1399 
lsul 
1203 
lo06 

1355 
1 3 1  

1272 
1167 

1306 
1016 

1221 
1269 

1156 
1011 
m 7  
1173 
ll38 
1068 

1517 
1019 

1498 
1410 
l290 
1121 
1470 
1425 
1365 
1 m  
1c15 
ls6l 
1308 
1243 
1131 
1310 
1w 
l lz? 

lpprox 
lmat e 

22 
(*I 

- 
27.1 

27.6 

28 .o 

28.5 

5o.a 
31.7 

30.4 

32.0 

32.8 

-0ct8.I 
Jet 

thrust 

( lb )  
F P O  

1375 

1288 
l l 8 2  
1024 
1230 
1191 
1171 
1077 

1094 
976 

1095 
1069 
a91 
908 
842 
8 s  
804 
799 

1510 
790 

1465 
1420 
1297 
1105 
1390 

1325 
1350 

1060 
1273 
1246 
1 l s 5  
1144 
1012 
1078 
1055 
924 

bl r l m  

3885 

x 7  
3 7 u  

2870 
2023 

3365 
3539 

slss 
2858 
1950 
3108 
2982 
2839 
2473 
1859 
2478 
2358 
2178 
1944 

4393 
1732 

4177 
5879 
3315 
2 u 3  
4093 
3920 
3723 
2- 
3664 
3467 
3238 
2842 

3036 
2s88 

2275 
2750 

Q) 
0 
M cu 

- 
1927 
1888 
1810 
1631 

1864 
1366 

1814 
1715 
1567 
1373 
1737 
1696 
1655 
1521 
1350 
1581 
1558 
1492 
1400 
1332 

2015 
2050 

1754 
1908 

1976 
1519 

1924 

1512 
1850 

1889 
1835 

1670 
1764 

1518 
1742 

1497 
1667 - 

~ 

O.Ql69 
-0162 
-0151 

-0084 
-0124 

-0161 
-0154 
.0139 
.OU7 
.m 
.0144 
.0136 
.0129 
.on1 
.0(385 
.0125 
.0117 

.ws5 

.0109 

-0084 
-0169 .om1 
.0164 
.OM1 
.01M 

-0171 
.0178 

.0159 

.0100 

. O M 4  

.0155 

. 0 1 u  

.0126 

.0104 

.0143 

.0129 
-0104 

405 8298 
400 8306 
376 8253 
347 8291 
299 8321 
365 8102 
353 8102 
348 8110 
319 8087 

324 7882 
288 8102 

324 7897 
S16 789.7 
292 7889 
268 7889 
248 7 U 1  
246 7 6 1  

236 7431 
239 1417 

235 7424 
283 87 l s  
272 8895 
263 8718 

203 8862 
239 8736 

261 8563 
251 8548 
245 8524 
198 8524 
235 8306 
2S2 8321 
221 8268 
215 8298 

200 8050 
167  8298 

172 
196 8050 

1 7 . U  

17.25 
17.34 

17.43 
17.95 

16.58 
16.67 

16.98 
16.97 

16.03 
17.61 

16.35 
16.31 
16.13 
17.03 
14.50 
14.69 

15.09 
14.81 

11.28 
16.21 

11.16 
11.10 

10.90 
11.11 

10.79 
10.90 

10.79 
10.85 

10.61 
10.81 

10.89 
10.53 

10.55 
10.14 
10.39 

9.99 

4340 
4086 
3713 
2751 

3878 
1034 

3680 
3296 
2451 

3227 
1122 

5052 
2824 
2131 
1071 
2145 
2046 
1761 
1355 

4649 
962 

4433 
3 9 u  
3001 
1368 
4358 
Ul1 
3735 . 
1386 
3703 
s464 
5030 
2471 
1498 

53.41 
54.31 I 
65.71 
50.87 I 

1 

50.85 I 
5 2 . S  I 
52.96 I 
53.98 I 
49.93 I 
50.85 I 
51.07 1 
51.73 1 
51.85 I 
48.25 I 
46.58 1 
48.81 1 
47.67 I 48.04 1 
54.46 I 
54.32 I 

55.06 E 
55.37 z 
56.16 I 
53.11 I 
53.37 I 

54.60 1 
54.42 I 

51.94 I 

53.07 
50.05 
50.27 
51 .IC1 

.. 

2866 
2429 
1563 

Iata. at- tafl pipe - 
2.0 

6.3 

16.1 

18.1 

24.7 

4 .5  

9.3 

10.1 

- 
895 
848 
,788 
721 
874 
837 
784 
726 
658 
847 
801 
714 
808 
E62 
807 
717 
617 

772 
699 
601 
715 
687 
651 
591 
516 
413 
459 
441 
403 
357 
276 
278 
262 
245 
218 

- 
i4 
2 
I2 
2 
17 
'8 
.3 
.2 
85 
14 
1 
8 
.6 
i7 
B 
i9 
17 

- 55. 54. 
54. 54. 
52. 
53. 
w. 
54. 
55. 
51. 
52. 
53. 54. 
52. 55. 
53. u. 

- 
'9 
x1 
'9 
3 

1; 
!2 
x) 
85 
12 
i8 
is 
A 
i l  
8 
i8 
9 

1551 
1439 
1344 
1252 
1552 
1448 
1374 
1258 
1096 
1570 
1463 
1284 
1084 
1562 
1437 
1287 
1112 
1663 
1476 
1305 
1127 

1404 
1457 

1314 
1E2l 
1036 
1510 

1382 
1444 

1256 
1071 

1487 
1515 

1419 
1510 
1166 

2072 
1955 
l6le 
1687 
PO92 
1972 
183.8 
1705 
1520 
xK12 
1959 
1724 
1465 
2095 
1944 
1735 
1508 

1- 
1232 nu 
l 0 U  
1268 

1139 
1223 

1059 
955 

1163 
I222 
1041 

1256 
882 

1179 
I050 
801 

31.60 
37.88 
38 -01 
37.52 
36.91 

37.16 
37.49 

37.54 
38.92 
36.23 
36. 8Q 
37.05 
37.49 
58.71 
37.16 
37.14 
37.24 

36.05 
35.43 

58.59 
36.79 
28.41 
28.57 
28.54 
27.93 
29.12 
18.15 
18.27 
18.35 
18.27 
18.58 
10.94 
11.03 
10.92 
10.66 
11-10 

8048 
8048 
8030 
8014 
8054 
8078 
7991 
8050 
8110 
8036 
8 0 s  

8054 
W 6  
8062 
8038 
8046 
8058 
8022 
8030 
8038 

a m  

3754 
3288 
2864 
1926 
3665 
3258 

2010 
2657 

874 
3590 
3091 
1991 

3883 
510 

2977 
' 2005 

5 X ) B  
814 

2981 
xK)5 
811 

2052 
1936 
1607 

2068 
1684 

1845 
1 9 s  

1895 
1482 
2082 
1936 
1714 
1448 
2075 
1918 
1722 
1494 

0.0172 

.a156 
-0115 
-0176 
.0157 
. O M 0  
.0117 
.WE6 
.0177 
.0154 
.01m 
.0081 
-0176 
-0151 
.0120 
.0085 

.am 

1962 
1733 
1503 
1973 
1906 
1794 
1667 

2042 
1423 

1958 
1883 
1717 
1460 

m 6  
2044 

1780 
1925 

E83 

61.63 

53.23 
56.46 
56.5T 

57.17 
57.16 

57.70 
55.98 
58.45 
56.68 
56.78 
58.M 
54.61 55.oa 
65.38 55.22 

55.39 

s 2 . m  
1970 
1746 
1515 
2291 
2218 
2388 
1 9 s  

2426 
1652 

2315 
2231 
2ocL 
1722, 
2416 
2583 
2rS.l 
2109 
1880 

UP7 
1 0 E  

1551 
875 

1497 
1422 
1281 

1633 
1127 

1539 
1496 
1368 
1135 
1497 
1522 
1435 
Is58 
1166 

t 

.0167 

.OW3 

.oOa7 

.0172 

. O l e a  

. O M 5  
-0125 

as22 
8638 
8658 
8622 
8622 
8727 
8705 

8 755 
8695 
8703 

8755 
8743 

6- 
6727 

a719 

4492 
4208 
3667 
2695 
1104 

4509 
49Bc. 

. ~" 

.WE6 

.OlW 
-0172 
. O l e o  

"192 
.0133 

-0189 
. 0 1 a  

. O l U  

.0188 

-0111 

4088 
3063 
1118 
4530 
4454 
4055 
3132 
17&7 
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24-inch-diameter tali pipe  
.- 

eo w 
0 m 

- 
IUI 

- 
1 
2 
3 
4 
5 
6 
7 
8 
9 

LO 
L 1  
12 
1s 
14 
15 
16 
17 
18 
19 
10 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
50 
51 
52 
5 3  
H 
55 
56 
37 
58 
59 
Lo - 
- 
1 
2 
S 
4 
5 
6 
7 
8 
9 

LO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
KI 
21 
22 
2 3  
24 
85 
26 
27 
28 
29 
5a 
51 x? 
33 - 

Torque- 

~rmsurc 
meter alp f l o  

Englns 

a l a t e d  
( r e c a l -  

nUrne1 C o w l - i n l e i  
e ta t€a  t o t a l  
msnura t emwra-  
PO 

18/aq ft T1 
ture  

abs.)  (lb7kcc 
" 1  

~ 

1.026 
1.025 
1.026 
1.026 
1.025 
1.026 
1.026 
1.026 
1.025 
1.028 
1.026 
1.026 
1.027 
1.025 
1.026 
1.025 
1.026 
1.025 
1.025 
1.025 

1.025 
1.027 

1.026 
1.026 
1.026 
1.025 
1.025 
1.025 
1.024 
1.027 
1.027 
1,025 
1.028 
1 .M6 
1.031 
I .028 

1.026 
1.028 

1.028 
1 .om 

488 
485 
479 
485 
487 

485 
479 

482 
486 
482 
482 
483 
441 

438 
441 

442 
442 
442 
438 
u 2  
435 
440 
439 
436 
441 
440 
439 
439 
436 

442 
441 

438 
435 
434 
434 
4 s  
437 
436 
433 
432 - 

8006 

7806 

7606 

8906 

7806 

7 6 3  

8006 

7606 

- 

2079 
1801 

20ss 
909 

le49  

1585 
1618 

84 7 
1727 

1377 
lM33 

748 
1201 
1110 
90s 
903 
519 
351 

1094 
1026 

847 
982 

495 

1011 
380 

955 
913 
803 

504 
748 

369 
75s 
883 

412 
554 

615 
580 
482 
437 

ass 

- "_ 
(6: 

1450  492 
1455 
1450 483 

488 

1451 488 
1451 
1447 

490 

1450  487 
483 

1448 486 
1450  489 
1449 
1449 

486 
486 

626 &44 
628 444 
625 441 
632 445 
626  445 
630 445 
629 441 
628 445 

632 U 3  
624 U 8  

626 U 2  
627 459 
829 444 
629 u s  
630 442 
628 442 
652 439 

487 

4sa 
435 

393 440 
S92 4S9 
395 
396  456 

1487 
1492 
1487 
1488 
14.97 
1485 
1487 
1485 
1486 

1486 
1486 

1485 
643 

641 
644 

648 
642 
646 
645 
644 
641 
648 
642 
643 
645 
645 
646 
6 4 4  
647 
€46 
846 

403 
648 

401 
441 

402 
404 
402 
406 
408 

183.5 
159 

184 
80.5 

171 
146.5 
145.5 

77 
160.5 

128  
149 

106 

80 
98 

80 
47 
33 
99 
9 3  
89 
77 

45 
76 

3'1 
94 
87 
85 

70 
75 

36 
67 
61 
50 
38 

5s 
58 

46 
42 

m 

4a 

" - 

2180  1.049 37.40 
1990  1.105 38.10 
1460  1.606  39.11 
2120 1.043 
x)10  1.064 

36.38 

1820  1.125 
38.38 
37.50 

1820 1 . I U  
1390 1.641 

37.11 

1890  1.084 
37.82 

1750  1.117 
W.96 

1655  1.202  35.81 
34.25 

1280  1.711 
1200  -999 

36.23 

1130  1.018 
17.78 
17.78 

985  1.091 
985  1.091 

17.80 

765 1.474 
18.05 
18.00 

log0  
685 1.952 18.11 

1054 1.023 
.396 17.31 

17.35 
1003 1.018 
925  1.092 

17.56 
1?.?8 

910  1.090 
712 1.47J 

1?.41 

665 1.705 
17.92 
17.77 

1025 1.014 16.57 
970  1.037 
955  1.046 

16.95 
L6.86 

880 1.096 17.20 
850 1.136 
690 1.369 

16.98 

Bcw 1.843  17.52 
17.2s 

785  1.042 11.08 
720  1.054 11.02 
805 1.092 11.04 
520 1.262 1 1 . 1 4  

610 1.089 
650 1.057 1 3 . S  

10.31 
580  1.162 10.56 
5 s  1.213  10.?4 
" 

2 4 - i n i h ~ d i m e t e r  Lni-i pipe 

2410 
m5 
2190 
2193 
1980 
1780 
1s50 
1943 

1650 
18x) 

1300 
1% 
1050 
10% 
890 
895 
1090 
loOD 

900 

1015 
730 

865 
980 

630 
750 

630 
865 

555 
660 
800 
493 
500 
580 - 

- 
10,wo 

50,000 

30.oOa 

M,OW 

49s  
4s9 
487 
487 
486 
489 
484 
489 
488 
087 
485 
441 
444 
4&5 
444 
444 
444 

442 
44s 
443 
442 
441 
442 

442 
441 

443 
4 4  

442 
438 
440 
444 

4 3 9  
cco 

489 
495 
48s  
483 
485 
4a5 
480 
485 
485 
483 
481 
438 
441 
442 
441 
441 
441 
440 
439 
440 
439 
4s7 
4s9 
433 
4ss 
440 
440 
439 
435 
437 
441 
437 
436 - 

2572 
2266 
2266 
2265 
-77 
1657 

1916 
881 

1733 
1475 

1155 
858 

1042 
995 
633 
484 

1144 
1037 
881 
506 

1054 
989 
830 
471 
764 
E54 
589 
496 
E7 1 
593 
465 
459 
253 
e 

8006 

7816 

7806 

8006 

7806 

7 8 0 6  

a006 

7636 

824 
627 
628 
627 
391 
395 
393 
394 
398 
399 

394 
390 

389 

402 
843 

405 
43s  
405 
408 
408 
ux) 
404 
399 
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'IrJRBINE-pROpELLER ENffINE - Continued 

2O-inch-diameter  exhaust  nozzle 

:orrected Appro%, 
- 
Rur 

- 
I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

20. 
19 

21  
22 
23 
24 
25 
28 
27 
28 
29 
50 
31 
32 
33 w 
35 
36 
37 
38 

40 
39 

- 
- 

2 
1 

3 
4 
5 
6 
7 
8 
9 
10 
11 

13 
12 

14 
15 
16 
17 
18 
19 
20 
21  n 
23 
24 
25 
26 
27 
26 
29 

31 
X) 

32 
33 

lorrected 
rul-ai: 

r/a 

Engine 

rat10 

0.0162 
.0145 
.0104 

.0155 

.0162 

-0135 
.0156 

-0150 
-0102 

-0145 
.0129 
.0098 
-0187 
.0177 
.0154 
.0152 
.0118 
-0105 
.0175 
.01BB 
-0158 
-0144 
.OM5 
.on0 

-0104 
.0172 
.0159 
.0157 
-03.42 
.0133 
.0111 
.0108 
.0197 

-0152 
. o m 1  
.0130 
.0174 
.0164 
.OM7 
-0137 

lorPeCt& 
turblne- 

.eepera- 
l n l e t  

air flow 
mgine  

( l n l t l s l  

[ l t ? h i C ,  

38.13. 

40.91 
39.39 

36-61 
37.00 
39.11 38.85 
35.97 
33 -07 

56.69 
37.31 
36.29 
17.98 

17.59 
17.89 

18 .s5 18 .m 
19.02 
17-55 
17.51 
17-49 
17.90 
17.24 
18.47 
19.04 
16.58 
17.47 
18.45 
17.05 
16.56 
17.47 
17.91 
11.28 

11.08 
11.16 

10.38 
10.81 

10.36 
10.35 
10 -58 

8 
M 
N 

1959 

1570 
1 8 6  

1933 
1886 
1761 
1774 
1541 
1847 
1789 
1702 

2055 
1506 

1857 
1985 

1844 
1632 
1549 
1968 

1867 
1932 

1781 
1792 
1562 
15s 
1940 
1862 
1656 
1757 
1735 

1501 
1573 

2098 
2025 
1857 

1967 
1723 

1810 
1918 

1733 - 

1108 
1080 

IOU 
953 

1016 
1006 

995 
873 
932 
889 
892 
787 
598 
576 
540 

486 
546 

485 
547 
539 
531 
511 
500 

447 
460 

498 
499 
486 
473 
460 
430 
423 
381 
365 

508 
335 

505 
316 

296 
291 - 

1478 
1989 
1173 
1464 
1429 
1329 
1341 

1409 
1157 

1360 
1292 
1l39 
1545 
1492 
1383 
1379 
1220 
1163 

'1449 
1482 

1397 

1358 
15s3 

1186 
1149 
1469 
1404 
1399 
1319 
1507 
l l 7 8  
1153 
1587 

1381 
1522 

1276 
1493 
1453 
1366 
1303 

x184 
1975 
1701 

2010 
x)sB 

1908 
1906 
1659 
1972 
1926 
1833 
1618 
2419 
2336 
22m 
2165 
1916 
1819 
2s32 

2227 
E269 

2101 
2118 
1659 . 

Z268 
1601 

2201 

2091 
2194 

2042 
1847 

2 M 3  
1779 

2221 
2422 

2556 
2065 

2283 
2169 
2082 

46.5 

46.8 

47.2 

63 .o 

55.9 

55.9 
60.0 

56.1 
60.3 

56.2 
83.4 

60.3 
m.4 
56.1 
60.5 
56.4 
60.7 
56.5 
w -7  

56.4 
83.6 

81.3 

62.2 

0.0181 

-0161 
.0172 

.0169 
-0150 
.0134 
-0099 
.0156 
.0145 
.01m 
.0100 
.0191 
.0163 
.0160 
-0137 
-0106 
-0176 
.0180 
-0143 
.0110 
.OM9 
.01w 
.0140 
.0101 
.0190 
.0167 
.0158 
-0143 
-0172 
.0158 
.0129 
.0131 
.m94 

20m 
2017 
1941 

1864 
1969 

1521 
1756 

1088 
1808 
1724 
1513 
2057 
1915 

1756 
1867 

1557 
1975 
1884 
1779 
1567 
1927 
1880 
1740 
1506 
2059 
1939 

-1781 
1874 

1921 

1740 
1855 

1756 
1504 

1570 
1529 
!456 

1399 
,488 

1321 
1l36 
14S3 
1374 
1503 
1139 

1427 
1557 

1299 
1406 

1149 
1485 
1404 
1321 
1165 
1451 
1395 
1297 
1122 
1536 
1442 
1369 
1318 
145s 
1396 
1274 
1300 
1104 

962 
932 
947 
893 
851 
821 
736 
784 
764 
750 

520 
676 

479 
471 
439 
398 
471 

428 
452 

423 
381 

429 
399 
556 
510 
286 
286 
274 
273 
256 
240 
246 
215 

8246 
8198 
8502 
8995 
Bo95 

8118 
7685 
7885 
7887 

8719 
7903 

8887 
8679 
8687 
8687 
8470 
0477 
8485 
8477 
8261 
8284 
8261 
8276 
8703 
8695 
8685 
8703 
as06 
8291 
8253 

8298 
8291 

eon 

3850 
3376 
3424 
5427 
2969 
2497 
1 s  
2889 
2610 
2238 

4184 
1302 

3791 
5641 
x40 
1769 
4389 
3824 
3243 
1866 
3885 

3039 
3639 

4495 
1731 

3805 
344 
2696 
5896 
3426 
2737 
2687 
1502 

3606 

3309 
338) 

3315 
2994 

2059 
2682 

2928 
2741 
2503 
1972 

3820 
4524 

3769 
3249 
2540 
3992 
3608 
3313 
2582 
3741 
3605 
3188 

4412 
2Sl5 

3389 
3684 
3357 
3852 

2885 
3468 

2927 
2137 

52.05 

53.00 
51.79 

51.42 
50.71 

51.81 
53.23 
48.75 
49.10 
49.70 
50.94 
55 4 0  

55.56 
55.81 
56.51 
53.63 
54.35 
54.57 
55.38 
52.00 
52.54 
53.06 
63.83 
54.47 
54 -41  
54.83 
55.14 
51.76 
51.33 
52.61 
52.28 
53.10 

55.55, 

2x)8 
2115 
2086 
2116 
2m3 
1861 
1845 
2020 
1 9 s  

1632 
2437 
2254 
2216 
2067 
1832 
2324 nn 
2103 
1848 
2278 
2209 
2057 
1785 
2434 
2287 
2210 
2105 
2232 
2203 
2048 
2062 
1790 

1853 

1427 
1358 
1380 
1303 
1241 
1196 
1079 
1143 . 
1098 
1112 

987 
1765 
1607 

1476 
1580 

1339 
1591 
1536 

. 1295 
1 u 9  

1455 
1448 
1344 
1202 
1676 
1566 
1552 
1470 
1452 
1sm 
1302 
1319 
1160 

68.2 
67.4 
68.4 
68.6 

88.9 

63.1 

63.5 

85.8 

70.5 

73.2 

S7.36 
36.81 
37 -85 

36.58 
36.55 

S8.06 
39.37 
3C.68 
35.39 
36.83 
37.71 
16 .05 
18.14 
17.88 
17.96 
IS. 64 
17.81 

17.63 
17.70 

17.86 
17.05 
17.25 
17.10 

11.13 
17.70 

11.42 
11.25 
11.24 
10.71 
10.56 
10.57 
10 -69 
10.96 



28 NACA RM E51114 

'IABLG I - P E R P O a A N C B  DATA FOR PYR(0Ei 

( e )  24-inch-diameter ta l l   p ipe;  

CN 
n: 
0 m 

L I m  Alt - rj 
1 
2 

10,m 
3 

5 
4 

8 

8 
7 

.O 
9 

.1 

.2 

.3 
A 
.5 
.6 
.7 
.8 
.9 
a 

!4 
!3 
%? 

30.001 !I 

!6 
!5 

!8 
!7 

10 
!9 

I 
i l  

i4 
iJ 

i6 
i5 

18 
17 

:0 
i9 

-9 
,8 
,7 
,6 
,5 
LC 
LS 
2 

M,OO kl 

I 

~ 

1.027 
1.027 
1.026 
1.026 
1.026 

1.025 
1.026 

1.025 
1.02s 
1.025 
1.025 
1.025 
1.025 
1 .M5 
1.025 
I. 025 
1.025 
1.025 

1.026 

1.025 
1.025 

1.027 
1.027 
1 .M5 
1.028 
1.027 
1.027 
1.024 

1.026 
1.025 

1.026 
1.024 
1.026 
1.028 
1.026 
1.026 
1.025 
1.024 
1.024 
1.025 
1.028 
1.031 
1.031 

1.02s 
1.028 

1.028 
1.031 
1.026 
1.02s 

lml-inle 

presaurs 
Pl 

lb/aq I t  

total 

s b 8 . )  

1490 
1487 
1488 
1489 
1488 
1484 
1491 
1489 
1490 

1489 
1491 

148s 
1492 
1490 
1490 
1zw 
1487 
1480 
1485 
645 
841 
641 
644 
641 
844 
643 

646 
641 

643 
645 

642 
643 
641 
%40 
643 

s42 
B17 

642 

402 
644 

401 
408 

402 
402 

401 
402 

400 
199 

I 480 

Ruuurl 
mtatic 

m s a u r  
Po 

[lb/aq ii 
ab..) 

- 
1451 
1448 

1451 
1448 

1450 
1446 
14% 
1452 
1467 
1454 
1452 
1453 
1447 
1455 
1453 
1453 
1456 
1451 
1443 
1u9 
629 
624 
824 
628 
625 
627 
626 
626 
8 x I  
629 
627 
827 
627 
825 
824 
627 
6S1 
s27 
627 
628 
S9l 
589 

3 1  
594 

391 
390 
380 
S.59 
391 

:oul-Lnlei 
tots1 

tempera- 
tu re '  

492 
492 
49s 

.493 
489 

485 

494 
484 

494 
488 
486 
489 
486 
u I 8  
484 
468 

487 
486 

4a4 
486 
419 
438 
4s8 
437 
436 
43s 

437 
137 

437 
4s7 

436 
4s6 
4s5 
435 
456 
455 
455 
451 
455 
4S2 
456 
4s3 
4s7 
436 
ws 
4S6 
441 
417 
438 

EZi 
s t a t i c  
empera. 
two 

(% 

- 
488 
488 
4&9 
485 
489 
481 
481 
4S1 
491 

485 
485 

4 8 6  
483 
485 
481 
485 

484 
483 

480 
482 
436 
4s5 
436 
u4 
433 
436 
4Sb 
4s4 
434 

4s3 
454 

433 
452 
432 
432 
432 
432 
431 
632 
429 
433 

4s3 
429 

450 
4 s  

4% 
467 
4s4 
435 - 

E Z 5  

:rpl) 

]peed 
R 

- 
8006 

7806 

7606 

7205 

8006 

7806 

7205 

8006 

7608 

242 
224 
122.5 
42 

223 
206 
20 6 
10s 
122.5 
35 
196.5 
161 
155 
105 

153 
37 

140 
126 
90 
35.5 
1 m  
114 
102 
75 

115 
29 

108.5 
100 

28 
70 

112.5 
104 
99 

35 
76.5 

92 

82 
88 

59.5 
29 
68 

€0 
81 

23 
43 

55 
46 
ss 
15 

2741 
2539 
1587 
4Bo 
246s 
2276 
2275 
2021 
1353 
366 
2115 
1948 
1868 
llso 

15W 
580 

1427 
1285 
916 
322 
1559 
1291 
1155 
846 
502 
1270 
1198 
1105 
788 
283 
121 1 
1120 
1086 

820 
567 
9s7 
896 
851 
599 
272 
764 
681 

472 
671 

e32 
582 
604 
532 
141 - 

~ 

2- 
2266 

1105 
1580 

2200 
2100 
2090 
1810 
1520 
1015 

1860 
1960 

1393 
1680 

985 
1610 

1450 
1520 

1210 

1240 
880 

1170 
1060 
870 
590 
1150 
loa0 
1050 
785 
6 70 
1090 
1010 
98(1 
800 
545 

860 
a 5 0  
800 

495 
850 

760 
640 
660 
550 
400 
600 
555 
400 
290 - 

0.876 
.888 

2.402 
1.159 

.895 

.923 

.919 
,945 

1.125 
2.775 
.927 
.a55 

1.007 

2.692 
1.230 

1 .os2 
I . O s 5  
1.115 
1.321 
2.755 
.9U 
.906 

1 .os0 .918 

1.954 
.906 

.952 

.902 

1 .on 
2.014 
.9m 

.919 

.978 
1.527 
1.014 

.960 

1.085 
. 859 

1.820 
.882 
.937 
.984 

1.165 
1.724 
1 .os1 
1.062 
1.198 
P.057 

.m2 

uratsa) 
recal- 

1 

" .. . 
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! 

a- 

i 59.82 
: 37.76 

, 36.74 
36.72 

' 37.92 

. ?3.24 
1 35.67 
' 5 . w  

I 37.36 
315.35 

i 35.42 i i;:L; 
! 3F.14 
' 35.67 

19.06 

18.56 
18.30 
15.72 

I 37.73 

I 39.78 

i 32.61 

[ 

i 18.36 

11.81 
18.20 ! 17.05 

i 11.72 
17.83 

: -8.24 
' 16.18 

i !7.62 

I 16.S 
' 1 7 . ~ 8  

! 11.46 
11.40 
11 -49 

I 10.80 
j 11.69 

0.0178 2058 

.0114 1651 
-0168 1990 

.0078 1395 
-0170 1984 

.0156 1890 

.0160 1914 

,0345 1837 
.0114 1629 
-0374 1558 
.0155 1875 
.(I147 1828 
.0130 1712 
.0105 I547 

.0137  1736 
-0075 1328 

.0128 1673 

-0100 1480 
.0120 1621 

.0192 2064 

.W71 1299 

.Ole1 1979 
-0163 1880 
-0132 1695 
.W90 1430 

.0169 1914 

.OM2 1988 

-0120 16xI 
.0087 1385 
-0179 1953 
.ON4 I880 
.0157 1827 
-0126 1652 
.OX8 1396 
.O.lSS 1785 
.0148 1748 
-0137 1687 
-0109 1523 
.0081 1520 
.0187 2033 
.01W 1900 
.0163 1880 
.0135 1734' 
.0098 1513 

.0140 1747 

.0157 1839 

-0103 153 

.01w 1840 

.a073 1328 

1536 
1484 
122l 
1029 
1494 
1W3 
1413 
I373 
1217 
10 38 
1417 

12a3 
l5'6 

1157 

13333 
993 

1278 
1237 
1126 

989 
1535 
1459 
1378 

1045 
1233 

1412 
1473 

1350 
1185 
1012 
1456 

1350 
1342 

1213 
1024 
1338 
1513 
1298 
1151 

975 
1519 
IS97 
1379 
1277 
1110 
1373 
1299 
1124 
969 - 

- 
Ja t 
. h S  

(:dl 

- 
832 

691 
794 

579 

731 
747 

741 

628 
689 

529 
672 
648 

586 
628 

5 u  
501 

534 
515 
285 
413 
426 
413 
399 
556 
299 
395 
389 
379 
335 
289 
365 

359 
360 

328 

3ocI 
277 

299 
287 
261 
245 
261 
239 
240 
225 
189 
217 
205 
173 
101 - 

~~ ~ 

8262 
8282 
8246 
8278 
8040 
8110 
8110 
8025 

8071 
8025 

7665 
7857 
7887 
7865 
7903 
7450 
7472 
7457 
7495 

8735 
7479 

8743 
8743 
8 759 
8767 
8516 
8540 
8540 

8540 
8543 

8328 , 
8329 
8336 
8338 
8336 
7897 

7904 
7897 

7897 
7926 

8807 
8767 

8767 
8767 
8799. 

8291 
8329 

8321 
8306 

~~ 

4125 
3827 
2087 

3702 
694 

3458 
3440 
3027 
mx) 

2930 
3187 

2529 
1098 
575 

2 w  
2150 
1959 
1397 

4988 
488 

4781 
4277 
3115 
1120 
4676 
4430 
4086 
2822 
lop1 
4478 
4140 
3943 
m43 
1 x 7  
3466 ' 
5293 

2226 
5087 

loo8 
4527 
4087 
3946 
2787 

3458 
1373 

2981 
1988 
833 

~ 

5812 

2378 
3401 

1660 
3307 
3192 
3162 

2269 
2861 

1527 
2954 
2797 
2547 
2089 

2425 
1493 

2291 
2158 
1845 

4551 
1333 

-5 
5925 

2188 
5207 

3994 
4234 

EM9 
2885 

-9 
2098 

3733 
3625 
2989 
2026 
3514 
3161 
2962 
2404 
1834 
4445 

3881 
3830 

2367 
3259 

3585 
31% 
2s80 
1714 

- 
52.92  2116 
54.55 
E . 8 1  

1752 

51.05 
1493 
2106 

51.27 
52.05 

2065 

51.77 
2039 

52.51 
1942 
1722 

55.90 1453 
49.61  2036 

50.73 
49.70  1950 

lsul 
51.58 1655 

45.86 
52.55 14S5 

46.15 
1858 

46.50 
1798 
1758 

47.60 ls00 
48 . IO  1399 
55-19 
55.71  2361 

2457 

S 6 . a  2243 
56-45 
56.62 

x)27 

54 -29 
1714 

54.75 
2366 
2289 

55.09 
55.88 

2200 
1949 

60.05 
52.24 2341 

1656 

52.74 
53.24 

2253 

54.m 2195 

54-73 
1985 

48;84 
1677 

49.58 
2142 

49.78 
2100 
2032 50.84 18%0 

51.86 
55.18 

1597 
2437 

55.04 
55.13 

2299 

56.05 
2253 

55.U 
2078 
1826 

52 -62 2204 
52-82  2375 

54.47 1588 

-;i- 1163 1009 

644 
1090 

1077 
1070 

1004 
SQ9 
769 
979 

919 
94l 

853 
730 
787 
776 

711 
750 

1431 
603 

1399 
1552 
LZO 
IO11 
1333 
1513 
1281 
1125 

1233 
972 

1216 
1210 
ll11 

101s 
938 

1001 
869 
882 

1414 
825 

1297 
1291 
1218 
1018 
1176 
1111 

942 
870 

36.3 

57.9 
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32 "I MACA RM E51114 

I 
0 Total-pressure tube 

Static-pressure tube 

x Thermocouple 
o r  wall orifice 

[a) Cowl inlet, s t a t im  1, 8 Fnchee downstream of t i p  of cowling. 

Figure 3. - Schematic diagram of instrumentation viewed *can upatream. 
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0 Total-pressure tube 
0 Static-pressure w a l l  orifice 
x Thermocouple 

(b) Coapressor out le t ,  station 2, % 5nchea upstream of 
bwiner-idet f w e .  

1 

Figure 3. - Continued. Schematic  diagram of InstrumentatLon v-tewed 
e a r n  upatream. 
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Integrating total-pressure tube--;. 
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0 Total-preseure tube 
0 Static-pressure tube 

X Thermocouple 
or wall orffice 
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p 2000 
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4 . 1600 
3 
rl c 
rl 

e. 
x 1200 

800 

2000 

Shaft   horsepower,   ehp 

(a)  A l t i t u d e ,  10,000 f e e t ;   e n g i n e   s p e e d ,  7760 rpm. 

0 

Figure 4 .  - Varia t ion   o f   eng lne   per lormance   w i th   operat ing  tlme. Cowl - In le t  ram presaure r a t i o ,  1.03. . .. 
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c 

Shaft horsepower. ahp 
, (b)  Altitude, 20,oOO feet; engine speed, 7990 rpm. 

' Figure 4.  - Continued. Variatlon or engine pkrormancs w i t h  keratins tlme. Coul-Wet ram 
pressure ratlo, 1.05. 
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NACA RM E5lI14 - 

ShafG horsepower.  shp 

(d.) Altitude. 40,OOO feet; engine 
SpEed. 7590 rgm. 

Flgm-e 4 .  - Concluded. Varlatlon of engine performance 
nlth operating tie. .Cowl-inlet r a m  press-e ratio, 
1.03. 
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(a) kir Plow. 

(b) Turbine-inlet  total  temperature. 

Figure  5. -Effect of shaft  horee  over on engine-performance  parameters at various  engine 
speede.  Altitude, 10,080 feet;. cowl-In et ram preeswe. ratlo, 1.05. 

. ." 

" 

. . .. 
". - .  

""1 

-. .. 

. " - -" 
" 



41 

(d) S P e C i f l C  fuel aonaumptlon bmed on abaft horaepower. 

Figure 5 .  - ContFnuea. Effect of shaft horsepouer M englne-performance parameters at 
various engine speecb. Altitude, 10,ooO feet5 coul-inlet ram presaure ratio, 1.03. 
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(b) Utitude, 20,oOO feet. 
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40 

32 

24 

16 

. a  
( a )  llir flow. 

. . . "  

:-; 

F i g u r e  7 .  -Effect of shaft hQrEep0Ner on engine-performance parameters at various 
altitudes. Engine speed, .7600 rpm; cowl-Snlet ram pressure ratio, 1.03. 
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47 

Figure 7 .  - Concluded. Bffect of shaft horsepower ch engine-performanoe  parame 
at various altitudes. Englne'speed. 7800 rgm; cowl-Inlet ram pressure ratio, - I t e r 8  

1.05. 
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Figure 6. - (lentrall.%ed. engine-performance parameter-. Correated engine speed, 8300 rpm; 
cowl-inlet ram preeeure ratio; 1.03. . ... . - . .. - . .  - 
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. 

Shaft horsepower, ehg 

Figure 9. - Effect of shaft  horsepower on engine-performance  parameters  at 
various exhaust-nozzle areas. W e  speed, 7600 rpm; altitude, 10,000 feet; 
cowl-inlet ram pressure  ratio, 1.03. 
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Time. 8ec 

(a) n o  a l t l t u d e a )  tLwe airspeed, 280 m i l m  per hour. 

Figure  15. - Windmilling a t a r t a  inclur~ng acCeLeration t o  appruximatoly m i n i m u m  
fllght faling engine speed. Normal e a n e  control syetem. 
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pigure 15. - Concluded. V i n d p l i l l l n g  starts including acceleratipn to a g p r c x i r m t e l y  minim+ 
flight idling snglne speed. N o m 1  swne control system. 
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E l m e .  sec 
(b) Two true alrspcedui altitude, 25.000 feet. 

.sure 16. - Concluded. lceeleratlcn iron approximately ninfrmpr night 
idling engLne SWed to rcaximum engine speed. NoFmal engLne control 
sys tera . 
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Figure 19. - Gear-horeepower callbration. 
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